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^ATFM SOf JiPL E PACMTAXEL PRODRUGS 

FIELD OF THE INVEr^TION 

The present invention relates generaiiy to the fields of phamiaceuticai 
compositions to be used in the treatment of caiieer, auioimmtHie diseases and 
restenosis. Tlie present invention also relates lo the ficM of pharmaceutical 
preparations of .anticancer agents such as paclttaxei (Taxoi) and doectaxel (Taxotere), 
in partieidar making paclitaxel water soluble by conjugating the drug to water soiuble 
moieties. 

BACKGROUND OF THE INVENTION 

Pachtaxs!, an ami- microtubule agent extracted from the needies and bark of 
the Pacific yew tree. Taxui hrevifolia. has .shown a remarkable anti-neopia^itic effect 
in human cancer in Phase I studies and early Phase W and HI trial? (Horaiti al, 
199.^). This has htm reported primariJy m advanced ovarian and breast cancer. 
Signitlcant activity has been documented in smalKcell and noti-sinaU cell lung cancer, 
head and neck cancers, and in n^etaMatic nieianonia However, a major difficulty in 
the development of paclitaxcl for clinical tnai use has been jt.s insolub5i3t>' in water. 



20 



Docctaxel is semi&yntheticaih produced from 10-deacetyl baccatin IJI, a 
noncytotoxic precursor extracted frorc the needles of Taxus baccata and esterified 
with a chemically s>'nthesized side chain f Cortes and Pazdur, 1995). Various caticer 
ce?i hnes, including breast, lung, ovariai). and coiorectal cancers and meJanomas have 
been showjj to be responsh-e to doceia;<el. In chrJca! trials, docetaxel has been used 
2.5 to achie\ L' complete or partial response, m ba-asi, os'arian. head and neck cajicers;, and 
malignant melanojiia. 



Paciitaxel is typ3cai!y formulated as a conceittrated soiution contatamg 
paclitaxel 6 mg per miiliiiter of Crei«ophor EL fpoiyoxyethylatcd castor oil) and 
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dehydrated akohoi (50% v/v) and must be forther diiuted before aditiiiustration 
(uoldipiCi. IW; Tile amount of Cremophor F-I. riecessar> U- dekver the required 
dfise-> of pacinaxe! is sigtiifscantly higher than thai aimmisiered With a«> other dmg 
that !s tormulaied in Cremophor, Several toxic effectb ha\t; been attributed to 

5 CreniopatiK tiivludmg sasndilatioii. dyspnea, and hypotension This vehicle has aiso 
been shown to cause serious hypcrsensstivttv m iahoratory ammah and humans 
{ ^ eiii. ill , I9s>0) In tad, the maximum dose o: pacUtaxel that ca« be adminisiered 
to mice by i \ bolus mjecnun is. dictated bv the acute lethal toxicit) oi the Cremophor 
vehicle fhissman t;; jI , 59y4'i In addition. C remophor FI , a surfactant, is knowi to 

10 kach phtlialate pla'?tic!7i;rs such d3(2'eihy3he\yi)phthalate ■'DEHP) from the 
poiy\'iny!chloride bags and nitravenous. admimstratjon tubing DEHP is knouii to 
cause hepaJotoxii,itv m animals and is ciucniogenic in lodeuts llus piepasation of 
paclitaxel is a.so shown to torm particulate matter over lime and tiiws tiltraimi-i is 
neeessar) during admmiptration <GoidspieL 1994> Therefore, special provjstonb are 

IS necessary for the prepaiauon and admmistratjon of paclitaxei soJutions to ensun- 5aie 
drug d«h\er> to patients, aiid these provisions inevitably lead tn higher costs. 

Prior attempts to obtain waiei soluble paciitaxel have included the preparation 
uf prodrugs of pachtaxei by placmg solubiiizmg moieties such as succinate and ammo 

20 acids at the : -hydroxy! group or at th? 7-hydrox>! position (Deutsch ct j! , 1989, 
Mathcw ui , 1992\ However, these prodrugs ha\e not proven chemicallv stable 
enough for development For example, Deutsch ct al (i9!jy) report a 2*-succinate 
denvative ot pachtaxei, but water solubility of the sodmm salt is only about 0 IS £tfid 
the tnethano.amiine and N-methy!giucamme salts were soluble at only about 1% In 

25 addition, ammo acid esters were reported to be unstable. Similar results were reported 
b> Madiew a ul (i9*?2) Greenv/aid al reported the synthesis of highly water- 
soluble 2' and T-polyahvicne glycol esters of taxo; tOrocnwald a ul , 1994), however, 
no data concerning the m vjvij imtitumor acttvttv oi these cotnpounds ^vert- teported 
(Greenwaid ef 1995), 

30 
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Others attempts to soKe these proh!<;ms have mvohed micro^ncapi,u]atmn of 
p-.oi.t^^ei n both liposomes and n-aiiosphejeb .Bartoni and Bonard 1090^ 
f.pt.brn.; tormulaUon U4i reported (o be clfettnc a. tiesr pachtaxei, ho-v^r^cr oiii> 
hposonc form.iLt!on<; contaimng le.b thati 2% paclua^el .^ere ph>sjcally stable 
5 (Sharma and Straubingcr, XMvmm^wh. :he nano^phtre fomiuJ^tion proved 

to be ioxic Uiere is stiH a need tlimnon; for a ^^ater soiub.« paciit^xc fommUuon 
that can dehver ctteci,.e ainouno of paciuaxel and doceiaxci without tne 
Ji<;aa\an(ages caused b> the msoiubiJtty of the drag 

iO Another obstacle to the widespread use of paclitaxe! is the limited resources 

from which paciitaxei is produced, causing paditaxd therapy to be expensive. A 
course of treatment may co?t several thousand dollars, tor exanipk. There is the 
added disadvantage tiiai not ail timiors respond to pacHtaxel tiierapy. and this may be 
due to the pacHtaxel not getting into the tumor. There is an immediate need, 

15 therefore, for effective formiilations of paclitaxei and related dmgs that are water 
soluble with long scmm half Hves for treatment of tumors, autoimmune diseases such 
as rheuniatoid arthritis, as well as for the prevention of restenosis of vessels subject to 
traumas such as angioplasy and steiiting. 

SUMMARY OF THE INVENTION 

The present invention seeks to overcome these and other drawbacks inherent 
in the prior art by providing compositions cotnprising a chemotherapeutic and 
antiangiogenic drug, such as pacUtaxei or docetaxel conjugated to a water soluble 
polymer such as a polyglutamic acid or a polyaspartic acid, for example, or to a water 

25 soluble metal chelator. These compositions are ,.ho^^'n herein to be surprisingly 
effective as ant,-tuinor agents against exemplary tumor models, and are expected to be 
at least as effective ^ pacUtaxel or docetaxe! against any of the diseases or conditions 
for wh,ch taxanes or taxoids arc k.tiown lo be eftective. The compositions of the 
mvemion provide water soluble taxoid.. to overcome the drawtacks associated with 

30 the insolubmty of the drugs theniselvcs. and also provide the advantages of coniroUed 
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reiease so that tumors are shown herein to be eradicated in animal models after a 
single intravenous administration. 

Ttif txR'thods described herein couJd alst? be used to make water so!t.ibie 
5 poiymer conjugates of other therapemic agents, contract agerit,s and drugs, inc1«dij:g 
eiopside, teniposidc, fludarabinc, doxorubicin, daimomycin, emodin, 5-fluorouracii> 
FUDR, estradiol, camptothecin, retinoic acids, verapamil, epothilones and 
cyclosporin. In particuiar, those agents with a free hydroxy! group would be 
conjugated to the polymera by similar chemical reactions as described herein for 
5 0 paciiiaxeL Such conjugation would be v\'e]i witlun the skill of a routine practitioner of 
the chemical art, and as sycli would fall within the scope of the claimed invention. 
Those agents would include, but would not be Hintted to ctopstdc, tcniposide, 
catnptothecin and the epothilones. As used herein, conjugated to a water soluble 
polytTisr means the covalem bonding of tlie drug to the polymer or chelator. 

15 

!t is also understood thai the water soluble conjugates of the present invention 
may be administered in conjujiction with other drugs, including other anti-tumor or 
anii-cancef drugs. Such combinations are known in the art. The water soluble 
paclitaxelor docetaxe) of the present invention may, in certain types of treairnent, be 
20 combined with a piatiniun drug, an antibiotic such as doxorubicin or daunorubicin, for 
example, or other drugs that are used in combination with Taxol. 

Conjugation of chemotherapeutic drugs fo polymers is an attractive approach 
to reduce systemic toxicity and improve ihn therapeutic index. Polymers with 

25 molecular mass larger than 30 kDa do not readily diffuse through normal capsHaries 
and glomeruiaj- endothelium, thus sparing normal tissue from irrelevant drug-mediated 
toxicity (Maeda and Matsumura, 1989: Reynolds, 1995). On the otlier hand, it is well 
estabii,shed that malignant tumors ofle3i have disordered capillary cndothelitjni and 
greater permeability than normal tissue vasculature (Maeda ,ind Matsumuia, 1989; 

30 Fidler e! aL. 1987). Thu.s, a polymer-drug conjugate that would normally remain in 
the vasculature nia\' selectively leak from blood vessels into tumors, resulting in 
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tumor accumulation of active &erapeutic drog. Additioiiaily, polyroer-drug 
coojugates may act as drug depots for sustained release, producing proionged dmg 
exposure to tufnor celis. Finaliy, water soluble polymers may be used m stabiiizc 
drugs, as weii as to soiubii!;^ otherwise insoluble compounds. At present, a variety of 
5 synthetic and natural polymers have been examined for their ability to enJiaiice tiimor- 
specific drug delivery- (Kopecek. 1 990, Maeda arid Marsumura, 1989). However, only 
a few are currently undergokg elimcai evaluation, including SMANCS in Japan and 
HPMA-Dox in the Usijed Kingdom (Maeda, 199 J; Kopecek and Kopeckova, 1993). 

10 in the present disclosure, a tavoid is miderstood to mean those compounds that 

include pacluaxels and doceta^xei, and other chemicals that have the taxane skeleton 
(Cortes and Pazdur. 1995). and may be isolated from natural sources such as the Yew 
tree, or from ceil culture, or chemically synthesized molecules, and preferred is a 
chemical of the general chemical formuhi. ^Hj, NOu, including [2aR- 

15 [2aa,4p,4afi,6ii,9a(aR*,fiS*),l ia, I2u,12aa,12ba,]|-HBenzoy{amino)-a- 

hydroxybenzenepropanoic acid 6, 12b,bis{acet>'ioxy)-12-(benzoyk>xy)- 
2a..3,4,4a,5,6,9, 1 0, 1 IJ 2 J 2a, 1 2b-dodccahydro-4, 1 1 -dihydroxy-4a,8, 1 3, 1 3- 
tetramethyl-.S-oxo-7, 1 S -metliaao- 1 H-cyclodecaf 3.4]bem;-f i ,2.b]oxet-9-yl ester. It is 
understood that pacJtiaxel and dacetaxel are each more effective than the other against 

20 certain types of tumors, and tliat in the practice of the present invention, those tumors 
that are more susceptible to a panicular taxoid would be treated with that water 
soluble taxoid conjugate. 

In those enibodimems in which the pachtaxel is conjugated to a water soluble 
25 metal chelator, the composition ma>' further comprise a chelated metai ion. The 
chelated metai ion of the present invention may be an ionic fonn of any one of 
aluminum, bojon. calcium, chromium, cobalt, copper, dysprosium, erbium, europium, 
gadoiitiium, gaihum, gemianium, hoimium, indmm, iridium, iron, magnesium, 
manganese, nickel, platinum, rhenium, rubidium, ruthenium, samarium, sodium, 
30 tedmelsuni, thallium, tin, >ttTiuin or zinc. In cenain prefeixed embodiir^ents, the 
chelated metal ion will be a radionuchde. i.e.. a radioactive isotope of one of the Hsied 
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metals. Preferred radionuclides include, hut are not limited to ^'Ga, ^^Cm, ' ' 'in, ^Tc, 
''"In dnJ "'■^'"Pl 

Preferred water tillable chelator^ to be ust-J m the presence of the prev.enl 
5 invtfntKiu include, bai are aot hniued to, dieth>lenetrtammep€ntaacetic acid (DTP A), 
eth>it;ned)aniinetetraacet)c acid (ODT^), { ,4,7J0-tc{^aaz^icyc^odcdccanc- 
N,^i\^' ,N"' -tetraacetate (DOT^), tetiaazae}cloTetradccime-\.X*-N"N'"-tetraactflic 
acid fTETA), h>'droxyethyhdene diphosphonate (HEDP), dimercaptosuccinic acid 
(DM'^A), iielhylfiietriamtnetettainethyjenephosphumc acid (DITP) and l-(p- 
10 an5inobenjf>i>-L)TPA, !,6-di<iinmo hexane-N,N,N',\'-tctraacetic acid, DPDP, snd 
ethyJencbi.s (rtvycthy!enenitr)!o)-tetraacei:C acid, wuh DTPA being the most preferred. 
A preferred embodiment of the present invention may also be a compos-Uion 
comprising ' ' 'in-DTPA-paclitaxel. 

1 5 In certain embodiments of the present invmtion, the paciitaxel or docetaxel 

may be conjiigaied to a water soluble polj-Tner, and preferably the polymer is 
conjiigated to tlie 2' or the 7- hydroxy! or both of the pacUtaxei or docetaxel. Thu^ 
when functional groups are used for drug conjugation, as above with tht C2" -hydroxy] 
of paciitaxel, a degradable linkage, in this case, an ester, is used in ensure that tht 

20 actL\ e drug released from the poK meric carrier Preferred polymers include, but are 
not limited to polyethylene glycol. poly(l -glutamic acid), polytd-gluiamic acid), 
po;y{di-giutamiC aod), p<->l>(l-a5paj1ic acidj, pu!>(d-aspartic acids, poly^di-aipantc 
acid), polyethylene glycol, copolymers of the above hsted poiyammo acids wth 
poiyethyiene glycol, poiycaprolactone, polygiycolic acid and polyiactic acid, as well 

25 as polyacrylic acid, poly(2-hydroxyethyl 1-glutamine'), carbovymetliyl dcxtraii, 
h>-a}uranic acid, human serum albumin and <ilginic acid, with poiyethyiene glycol, 
poivaspartic acids and poiygiutamic acids being particularly preferred The 
poj'v glutamic acids or pclyaspartic acids of the present m\ ention preferably have a 
molecular weight of about ?,000 to about !00,00f* with about 20,000 to about 80,000, 

30 or even about 30.000 to about 60.000 being more preferred, 
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It IS understood that the composstioiis of the present invemion may be 
dispersed tii a phamiaceuucaily accepiabis courier soknion as described below. Such 
a solution \vc)uJd be sierile or aseptic and may uiciude water, buffers, isotonic agents 
OT mher inp-edients kxtowri to those of skili in the an that would cause no aliergic or 
other harmfui roacrion when admirdsiered to an anima! or human subject. Therefore, 
th.- preset^t invention may aUo be described as a phanrtaceuticai conipt^stliou 
comprising a chemo therapeutic or ariti-cancer drug such as paciiiaxel or docetaxei 
conjugated to a high molecular weight wtster sohjb!e polymer or to a chelator. The 
pharmaceutical composition may tndude polyethylene glycol poiyglutamati;; acids 
polyaspartatic acids or a chelator. preferabl> DTPA. It is also understood that a 
radionuclide ma>- be used as an ajiti-tumor agent, or drug, snd that the present 
pharmacetjtio^I composition .ma>- include a therapeutic amount of a chelated 
radioactive isotope. 

In certain embodinjcnts, the present invention may be described as a method 
of determining the uptake of a chemotlterapeutic drug such as paclitaxel or docetaxei 
by tunaor tissue. This method may comprise obtaining a coriiugate of the drng and a 
metal chelator with a chelated meta! ion, contacting tumor tissue with the composition 
and detecting the presence of the chelated metal ion in the tumor tissue. T'he presence 
of the chelated metal ion in the tumor tissue is indicative of uptake by the tiiinor 
tissue. The chelated metal ion may be a radionuclide and the detection may be 
sciutigrapyc. The tumor tissue may also be contained in an EUitmal or a human 
subject and the composition would then be administered to the subject. 

The present invention may also be described in certain embodiments as a 
metliod of treating cancer in a subject. This method includes obtaining a composition 
comprising a chemotherapeutic drug such as paclitaxel or docetaxei conjugated to a 
water soluble polymer or chelator and dispersed in a pharmaceuticaOy acceptable 
solution and administering the solution to the subject iii an amount effective to treat 
the tumor, Prefeired compositions comprise paclitaxel or docetaxei conjugated to a 
poiyglutamic acids or polyaspartic acids and more preferably to poly (f-glutamic acid) 
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or poly I-aspartic acid). The compositions of ilie invention are understood to be 
effective against any type of cancer for which the unconjugated taxoid is shown to be 
effective and would include, but not be iimited to breast cancer, ovarian cancer, 
malignai-it inelaooma, lung cancer, gastric cancer, colon cancer, head and neck cancer 
5 or leukemia. 

The method of treating a tumor may include some prediction of the paciitaxd 
or docetaxel uptake in the tumor prior xo administering a therapeutic amount of the 
drug or prodrug. This method may mclude any of the imagmg techniques discussed 

10 above in which a paciitaxd -cheJator-chelaied metal ts administered to a subject and 
detected in a liunor. This step provides a cost effective way of determining that a 
particular tumor would not be expected to respond to DTPA-paclitaxei dierapy in 
these cases where the drag does not get into the tumor, k is contemplated that if an 
imaging technique can be used to predict the response to paclitaxei and to identify 

15 patients that are not likely to respond, great expense and crucial time may be saved for 
the patient. The assumption is that if there is no reasonable amount of 
chemotherapeutic agent deposited in the lumor, the probability of tumor respoase to 
that agent is relatively small. 

20 in ceaain embodimenls the present invention may be described as a method of 

obtaining a body image of a subjeci. 'T'he body image is obtained by administering an 
effective amount of a radioactive nietal ion chelated to a paclitaxel-chelstor conjugate 
10 a subject and measuring tije scintigraphic signals of the radioactive metal to obtain 

an image, 

25 

The present invention may also be described in certain broad aspects as a 
method of decreasing at least one symptom of a systemic autoimmune disease 
comprising administering to a subject having a systemic autoimmune disease an 
effective amount of a composition comprising paclitaxei or docetaxel conjugated to 
30 poly-i-giutai-nic acid or poly-l-aspartic acid. Of particular interest in the context of the 
present disclosure is the treatment of rheumatoid arthritis, which is known to respond 



m some C4i,ei to i£i^.o! wiiea administered m the sutidard Cremophor formulation (t'S 
Patent 'i.^SVlSa) As III tlie trexment of tuirorb. n us contijmplateJ that the 
«iitU'\eness ot the water soluhk t^^oidb of tht pteseni mvennon wiit not be 
ami r!5.))ed bv the i.L>tijugat5on to ,i v^atei■ soluble ruoiea. Md that the water soluble 
pjod'ug ma\ act as a contiolbJ re'ea^e toirouiation that releases the actne drug over 
u peiKid ut time Thf-retore, the coin|XJMtions. of tht present invention are cxpfctcJ tt. 
be ab effective as Taxo! again-^tt rheumatoid artkiti^. fL»r example, but will oifei the 
aavantajre a controlled rdeabe It is also understood that the uixoid coinposUions of 
tite present sivention mav be used m combination with other drugs, i,iich as ati 
atigiogenests inhibitor (AOM 4 47))) {OLter a al , or methotrexate 

The finding that pachtaxel al:>o ribifaifs restenosis after balloon angiopta';t> 
indicates that the water sokihle pacfitaxcfs Eind docetaxels of the px^sent mvention will 
fird a variety of application.^ bevond direct parenteral administration <\V<) %25I76) 
For example ti js contemplated that water soluble pachtaxel vuli be usefji as a 
coating for implanted niedica] devices, such as tubings, ^hun(5, catheters, artificia! 
implants, pins, electncai implants such as pacemaivers, and e^pecial!> for anenal or 
venous stents, including bailoon-expandahlv stents in these embodiments it is 
contemplated that water soiubie pachtaxel may be hound to an injplantable medica! 
device, or aUematively, the water soiubie pachtaxel may he passively adsorbed to the 
surlacc of the implantable device. Fot example, stents ma> be coated with pol>mer- 
drug coniugates bv dipping the stent m pojymer-arag ^oitilion or spraying the stent 
With ^uch a solution Suitable nuienais for the implantable device rihouid be 
hioconipatible and nontoxic and may be chosen from the metals ,<!uch a.s mckel- 
titanium alloys, steel, or biocompatible polvmers. hydroge^. polyurethaBes, 
polyethylene.^, ethylenevmyl acetate copolymers, etc In a r^reteued embodiment the 
water .soluble pacliuxel, cspecialH a PO-pachtaxel conjugate, is coated onto a stem 
lor msenion into an arten or vein foliowng balloon angioplastv The invention ma^ 
be described therefore, m certain broad a,specti as a method of mhibumg artcna] 
restenosis or artenai occlusion foUowm^ v^scuiar tiauma comprisinu adtiimistenng to 
a subject m need iherof. a composition compnsmg pachtaxel or docetaxel conjugated 
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to poly-I-glutamic acid or poly-l-aspanic acid. In the practice of the method, fee 
subject may be a coronar> bypass, vascular surgery, organ tnmspiant or coronar>' or 
arterial arigiopiasty patient, for example, and the composition may be administered 
diiecti) , iiitravenousiy. or even coated on a stent and the stent is inipiamed at the sight 
5 of vascular trauma. 

Ad embodiment of the invention is. therefore, an implantabie medical device, 
wherein the device is coated with a composition comprising paclita-^tel or docetaxel 
conjugated to poiygiutainic acid.s or polyaspartic acids in an amount effective to 
10 inhibit smooth muscle ceU proliferation. A preferred device is a .stent coated with the 
compo.sitions of the present in\'ention as described herein, and in certain preferred 
embodiments, the stent is adapted to be used after balloon angioplasty and the coating 
is effective to inhibit restenosis. 

15 In certain preferred embodiments, the invention may be described as a 

composition comprising poiygltitamic acids conjugated to the 2' or 7 hydroxy! or both 
of paciitaxel, or even a composition comprising polyaspaitic acid conjugated to the 2' 
or 7 hydroxy! or both of paclitaxei. As used herein, tbe tenns "a polygltstamie acid" 
or "poiyglotamtc acids" include poly {1 -glutamic acid), poiy (d-glutamie acid) and 

20 poly (dl-gktaraic acid) and the terms "a polya<?partic acid" or "poly^paitie acids" 
include poly (l-aspartic acid), poly (d-aspartic acid) and poly (dl-aspartic acid). 

Utiiess defined otherwise, all technical and scientific terms used herein have 
the same meaning as comLntonly iinder.stood by om of ordisaiy skiil m t!ie art to 
25 which this invention belongs. Although any methods attd materials similar or 
equivalent to those described herein can be used in the practice or testing of the 
pr^'seiit invention, the preferred methods and materials are now described. 

BRIEF DESCRIPTION OF THE DRAWINGS 

30 FIG. ! A Chemical .structure of pachtaxei, PEO-paclitaxel and DTPA-paclitaxel, 

-50. 
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FIG. JB. 



Chemical stntciure and reaction scheme for production of PG-paclitaxe!. 
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FIG. 2. Effect of paclitaxel FEG-paclitaxel and DTPA-paciitaxeJ on proliferation of 
816 melanoma cells. 



5 



FIG. 3. Antitumor effect of DTPA-paciitaxel on MCa-4 niaminar)- tUBiors. 

FiG 4 Mediaii t»ne (days) to reach ttsmor diaineter of 12 nun after ircatment witli 
pachtaxvil. DTP^.paciitaxs;} and PFO-pacliuxci 

FKr ^ OajTima-scintsgraphs of mice bearing MGa.4 tumors foilovsing intravenous 
injection of ' ' 'in-D FPA-paclitaxel and " ' i n^DTP A Arrow indicates the tumor 

FIG t> Hvdiolv tie degmdaiion of PG-pachtaxe! as determined in PBS at pi i 7.4 at 37 
35 C represents percent paciitaxel remaining attached to soluble PG, 

represents percent paciitaxel released, - 0 - represents percent metabohte-1 
produced. 



FIG. 7A. l-he antitumor effect of PG-paclitaxei on rats bearing munne breast tumor 
(1.37D2F). -Q- represents the response to a single i.v, dose of PG (0.3 g/lg): -A- 
rcpresents response to paciitaxel {40 nig/kg), -O- represents response to PG-paclitaxei 
(60 mg cqmv. paciitaxel/kg). 

FIG. 7B. The antitumor effect of PG-paclitaxel and paclita>cd on mice bearing OCa-J 
tumors. -O- represents the response to a single i.v, dose of PG (Q.8 g.'kg); 
represents response to pac!ita.Kei f 80 mg/kg), represents response lo PG-paelitaxel 
f SO mg equiv. paciitaxel/kg), -O- represents msponse to PG-paclitaxel (160 mg equiv. 
paclitaxei/kg). 
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FIG. 7C, The antitumor effect of PG-paciitaxel on mice bearing MCa-4 mamiixarj' 
carcinomj tumo-s -O- represents the response to a single i % dose of salme, -A- 
repre^ents ih< r-ispm^c to a single ' \ dose of PG a) b g'kg) repre->ems response 
\o PG pdciir.ix.cl MO nv.'kg), represent resp<.)nst; to PG-paciitaxe! (oO mg equn 
5 paclji?xelAg) -Cj- represents re.sponse to HG paciitaxet ! 120 mp^kg) 

f IG 7D The diitiEumor eilect oi F<,i-r'aciuax«,i against vofi-tissuc sarcoma ramor 
tFSa-lIi m mite -O- represenis the 'Csponse tu a single iv dos.e oi ialms,. -0- 
fv-presems the re&ponse to a single . dobe of PG (0,8 g kg), -O- jepresentt, response 
10 to pac)iia>el iSf^' mg/kg), -A- tepresents response tcy PG-pachtaxel {1<jO mg equn 
paclitaxel'ltg). 

FIG, 7E. The antitumor effect of PG-paclitaxel against syngeneic hepatocarcinoma 
tumor (HCa-i) in mice. -O- represents the response to a single i.v, dose of saline, -A- 
} 5 represents the response to a single i.v, dose of PG (0,8 g/kg); -O- represents response 
to PG-paciit£ocel (80 nig/kg), -6- represents response to PG-paditaxe! (160 mg eqaiv. 
paclitaxel/kg). 

FIG. 8. Release profile of paciitaxei from PEG-paeiiiaxel in phosphate buffer (pM 
20 7.4). Paciitaxei, -X-; PEG-paclilaxei, -0-, 

FfG. 9. Antitumor effeet of PEG-paclttaxel on MCa-4 mammai>- uimors. -D- 
represems the response a single i.v. injection with a saline solution of PEG (60 
nig'ml), represents the response to the Cremophor/aleohol vehicle, -O-represents 
25 a single dose of 40 mg-'lcg body weight oC paciitaxei, represents PEG-paclita.Kci at 
40 n3ig equiv. paclitaxei/lcg body weight. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention arises from the discovery of novel, water .soluble 
30 fontimhitions of paciitaxei and docetaxel, and the stuprisitvg efficacy of these 

.12- 



fofmulations against tumor cells m vivo. Poiy (1-glotanik acid) conjugated paclitaxel 
{PG-paclitaxelj administered So mice beai-ing ovarian carcinoma (OCa-I) caused 
significant tumor growtli delay as compared to the same dose of paciitaxei wiihoui 
PG. Mice treated with paciitaxei alone or with a combination of free pacUtaxel and 
PG showed delayed tumor growth itittiaUy. but tunuirs regrew to kveis comparabJe to 
an untrK:Mc-.d control group after ten days. Moreover, at the ma.Kimal tolerated dose 
(MID) of the PG-paciitaxei conjugate, (160 mg equiv. paciitaxei/kg), the growth of 
tumors was compjetely suppressed, the tumors shrank, and mice obser^^ed for two 
nwoths foiiowHig treatment remained tumor free (MTD: defined as the maximal dose 
that produced 15% or less body weight loss within two weeks after a single i.v. 
injection). In a paraliei study, the antitumor activity of PG-paclitaxel in rats with rai 
mammary adenocarcinoma (13762F> wa.s examined. Again, complete tumor 
eradication at 40-60 mg equiv. paciitaxellcg of PG-paclitaxel was observed. These 
surprising results demonstrate that the poiymer-drug conjugate, PO-paelitaxei, 
successfoily eradicates well established solid tumors in both mice and rats after a 
single intravenous injection. Moreover, with a half-life of 40 days at pH 7.4, PG- 
paclitaxel is one of tljc most stable water-soluble paciitaxei derivatives known 
(Deut.sch, ei ai, 1989; Mathew eial, mi; Zhao and Kingston. ]991). 

DTPA-pacHtaxei is also showi herein to be as effective as paclitaxe] in an in 
^'itro antitumor potency assay using a BI6 melanoma cell line. DTPA-paclitaxel did 
not show any significant difference in antitumor effect as compared to paciita:<d 
against an M€a-4 mammary ttimor at a dose of 40 mg/lg body weight in a single 
injection. Furthermore, ''^indium labeled DTPA-pacIitaxel was shou'n to accumulate 
m the MCa-4 tumor as demonstrated by gamma- scintigraphy, demonstrating Uiat the 
chelator conjugated anti-tumor drugs of the present invention are usefii! and effective 
for tumor 
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The novel compounds and methods of the present invention provide 
signitjcant advances over prior methods and compositions, as the v.^ater-soiuble 
paciitaxeis are projected to improve the efficacy of pacJiiaxel-based anti-caitcer 
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tlierapy, by providing water soluble a«d controlled release paciitaxe! derived 
composiJions. Such composiiibns eliminate tiic need for solvents that are associated 
with side effects seen with prior pacliiaxel compt)sifions. In addition, radiolabeled 
paciiiaxsi, which is shown to retain anti-iuinor activity, wili also be usefui in the 
5 imaging of tumors, Furtber, tbe present irsvemion allows one to determine whether a 
pacSitaxei \vt)l be taken up by a particular tumor by scintigraphy, single photon 
emission computer tomography (SPECT) or positron emission tomography (PET). 
This detennination may then be used to decide the efficacy of anti-cancer treatment. 
This infoj-mation may be helpful ir guiding the practitiojier in xhs selection of patients 
1 0 to undergo paclitaxel therapy, 

Yhv pachtaxei nuy be rciideied water-soluble in two wayi>: by couiugatmg 
pachtaxel to v\ater-s<ituhle poiymerN which serve as drug carriers, and by derivatiping 
the antitumor drug with water soluble chelating ageuLs. The latter approach also 
15 provides an opportunity for labeling witn radionuclides (e.g , '"in, '^^Ho, '^Ga, 
''""^Tc) for nuclear imagmg and/or for radiotherapy studies. The structures of 
pacliuiKe!, polyethylene glycot-pachtaxe) (PEO-pae!ilaxel}, poiygiutaraic acid- 
paclitaxel conjugate f PG-paclita\ei) and die(h>lsnetriaiTiinepeiitaac«tje acid-paciitaxel 
{D rPA-pacliiaxel) are shown in FlO. 1 . 

20 

In certam embodiments of tiie present invention. DTPA-pacHtaxel or other 
paclitaxel-chelating agent conjugate.s. such as EDTA-paclitaxel, DTrP-pachtaxel, or 
E>OTA-pacljtaxel, for example, may be prepared m the form of water-soluble salts 
tsodium <jah, notassnim salt, tetrabuty lammonium salt, calcium salt, ferric sah, eic). 

25 These sali,s will be useful as therapeutic agents for tumor treatment. Seeoiidiy, 
D'l FA-pachta,\e! or other pacUtaxei-chelating agents will be usefiil as diagnostic 
agents which, when iabekd with radionuclides such as '^'in or '^'"'Tc, may be used as 
radiotracers to detect certain tumors in eombmation with nuclear imagii^g techniques. 
U IS understood that in addition to paclitaxel (taxoU and doceiaxel (taxotereV other 

30 taxanc dsrivati\es inay be adapted tor use m the compositions and methods of the 
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present invernion and tha? aVi such compositions and methods would be encompassed 
by ihe appended claims. 

Toxicity studies, pharmacokmetscs and tissue disfribution of DTPA-pacliiaxel 
■ have shown that in mice the LD^, {50% lethal dose) of DPlA-pacUtaxe} observed 
vvai! a single dose intravenous (iv) injeciioii is about 1 10 mg.^kg body upright. Direct 
companion M,iih paclitaxei is difficult to make because of tlie dose-voliime resftamts 
imposed by limited soKibility of paciitaxel and vehicie toxicity associated with iv 
administration. However, in light of the present diadosure. one skilled m the art of 
cliemotJierapy would detennine the effective and maximal tolerated dosages iii a 
ciinical study for use in human siibject-S, 

In certain embodiments of the in^'ention. a stent coated with tlie poiymer- 
paciitaxel conjugates may be used to prevent restenosis, the closure of arteries 
followmg balloon angioplasty. Recent results m clinical trials using balJoon- 
expandabie stents in coronary angioplasEy have shown a significant benefu in patency 
and the rediiction of restenosis compared to standard balloon angioplasty fSermys es 
ai, 1994). According to the response-to-injiiry hypothesis, neointima formation is 
associated with increased cell prohferation. Cuirently, popular opinion holds that the 
critical process leading to vascular lesions in both .^pontaneotjs and accelerated 
atherosclerosis is smooth muscle celi {S.MC} proliferation (Philiip.s- Hughes and 
Kandarpa, 1996). Since SMC phenotypie proliferation after arterial injuiy mimics 
that of neopiastic cells, it is nossibie tliat anti-cancer drugs may be u.<!efu] to prevent 
neointimal SMC accumulation. Stents coated with polymer-linked anti.proliferaiive 
agents thai are capable of releasing these agents over a prolonged period of time with 
sufficiem concentration will thus prevent ingrowth of hyperplastic iniima aitd media 
into the lumen thereby reducing restenosis, 

Becau.se paclita,xei has been shown to suppress collagen induced arthritis in a 
mouse model (Oliver ct aL 1994). the formulations of the present invention are also 
contemplated to be useftil in the treatment of autoimmime 3nd./or itiflamtTiatory 
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diseases such as rheuuiatoid arthritis Paciitaxel binding to ttibuiin shifts the 
cquijibrmm to stable microtubule polymers and makes this duig a strong inhibitor of 
eukatyotic cell replication by blocking ceils in the late G2 mitotic stage. Several 
mechanisms may be involved in arthriiis suppression b> paciitaxel For example. 

5 pacliiaxcl's phase specific cytotoxic effects may affeci rapidly proliferating 
inflammatory ceils, and furthermore pachtaxe! inhibits, ceil mitosis, migration, 
chemotaxis. iniraceUular transpon and neutrophil HX)! production, iri addition, 
paciitaxel may have ant i angiogenic aciivity by blocking coordinated endothelial cell 
migration (Oliver el al , l^^A) Therefore, the polymer conjugated prodrugs oi the 

1 0 present invention are contemplated to be as mscM as free paciitaxel ia the treatment of 
rheumatoid ariiintis. The polymer conjugated formulation disclosed herein would 
also offer the advantages of delayed or sustained release of the drug and greater 
solubility. It is also ait aspect of the treatment of arthritis that the ibmiulations may be 
injected oi implanted direciiy into the affected joint ai eas. 

15 

The pharmaceutical preparations of paciitaxel or docetaxel suitable for 
injectable use include sterile aqueous solutions or dispersions and sterile posvders for 
the preparation of sterile injectable solutions or dispersions. In all cases the form 
mast be ,<;teriie and must be fluid for injection. It must be stable under the conditions 

20 of manufacjure and storage and must be preserved against the contaminating action of 
microorganisms, such as bacteria and fungi. The carrier may be a solvent or 
dispersion mediuirj containing, for exartiple. water, ethanol, polyol (for example, 
glycerol, propylene glycol, md liquid polyethylene glycol, and the like), suitable 
mixtures thereof, and vegetable oiis. The prevention of the action of microorganisms 

25 can be brought about by various antibacterial and antifungal agents, for example, 
parabens, chlorobutanol, phenol, sorbic acid, thimerosal, and the hke. In many cases, 
it will be preferable to include isotonic agents, for example, sugars or sodiuRi 
chloride. 



30 Sterile injectabie solutions are prepared by iBcorporating the active 

compounds in the required amoimt in the appropriate solvent witit various of the otilier 
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Lngredjems enttmerated above, as required, tolkj^ed hs fiitersd steriiizaiinn 
Qencm\h\ dispersions arc piepaied b> tncorporatmg the variouri stenhzed acti\e 
sij^redicnts into h <;t£-nic vehicle which contaiti^ the ba,Mc dispersion medium and the 
required othei ingredients from tltose cnunioraied ^bove In the case of sterile 
5 po^^dcr.s for the pi-eparation of sterile injectahic soititions, ihe preterred methods of 
preparation arc vacuiuri-dn'ing md freeze drN'mg tecKt)!que<: which yield a powder of 
the active ingredient pKss any additionaS deined ingredient from a prcvtousty stsrUe- 
filtercd solution thereof 

10 As used herein, "phanjiaceutically acceptable carrier" includes any and all 

solvents, dispersion media, coatings, antibacterial and antifungal agents and isotonic 
agetits and tlie iike, Ihe use of sitch media and agejus for pharmaceuticaiiy active 
substances is well known in the an. Except insofar as any conveniional media or 
agent is incompatibie with the acti%'e ingredient, its use in the therapeutic 

15 compositions is comemplated. Supplementary active ingiedients can also be 
incorporated into the compositions. 

The phrase "phannaceutically acceptable" also refers to molecular entities and 
compositions that do not produce an allergic or similar untox^ard reaction when 
20 admijiistered to an aninsal or a hnman. 

For parenteral administration in m aqueous solmion, for example, the solution 
should be suitably buffered if necessary- and the liquid diluent first rendered isotonic 
with sufiicient saline or glucose. These prticoiar aqueous soktioas are especially 
25 suitable for intravenous and intraperitoneal administration. In this connection, sterile 
aqueous media which can be employed will be koown to those of skiU in the art in 
light of the present disclostffe. 

The foliowsng examples are included to demonsiiaie preferred embodiments 
30 of the invention. It should be appreciated by those of skill in the art that the 
icchi^iques disclosed in the examples which follow represent techniques discovered bv 



wo 97/33552 



PCT/US97/036S7 



the inventor to fimctioti well in the pj-aciice of the iin'ention, and thus cars be 
considered, to consthuis preferred modes for its practice. However, those of skiil in 
tiie art should, in iighi of the present disclosure, appreciate thai many changes can be 
made ill the specific smbodiinents which are disclosed and still obtain a like or similar 
5 result without departing from the spirit and scope of the invention. 

Example 1 
DTPA-raciitaxel 

Synthesis of DTPA-paelttaxe!: 

10 To a suJution of paclitaxel (100 mg, 0,1 17 ramol) in dr>' DMF (2.2 ml) was 

added diethylenetriaminepentaacetic acid anhydride (Dl'PA A) (2i0 mg, 0,585 mmoi) 
at 0°C. The reaction mixture was stirred at 4°C overnight. The sospctision was 
filtered {0.2 um Millipore tlher.) to remove imreacted DTPA anhydride. 'I1ie filtrate 
was poured into distilled water, stirred at 4°C for 20 min, and the precipitate coHected. 

15 The crude product was purified by preparative TLC over Cjj silica gel plates and 
developed in acetonitriie/water Paclitaxel had an vaUie of 0,34. The band 

above the paclitaxei witii an Rf value of 0,65 to 0.75 was removed by scraping and 
eluied with an acetonitrile/waier (1:1) mixture, and the soivent was remt>\'ed to give 
15 mg of DTl^A-paclitaxel as product (yield 10.4%): mp: > 226 "C dec. The UV 

20 spectrum (sodium salt in water) showed utaximai absorption at 228 nm which is also 
chaiacteristic for paclitaxel. Mass spectrum; (FAB) m'e 1229 (M-f-H)'', 1251 
(M+Na), 1267 (M+K). in the 'H NMR spectrutn (DMSO-dc.) the resonance of 
NCH;Cfi;N and CH^COOH of DTPA appeared as a complex series of signals at 6 
2.7] - 2.96 ppm, and as a tnultiplet ai 5 5.42 ppm, respectively. The resonance of C?- 

25 H at 4,10 ppm m paclitaxel shifted to 5.51 ppm, suggestin^j esterifscatton at the 7- 
posiuon. The rest of the spectrum was consistent with the structure of paclitaxei, 

I'he sodium sair of DTPA-paclitaxel was also obtained by adding a soJntion of 
DTP,A-pavlita,\el in etitanol into an equjvaiem amount of 0,05 M NaHCOj, followed 
.30 by iyophili^ing to yield a water-soluble solid powder (solubility>20 mg equivalent 

pacJitaxel/ml). 
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ihiiiohuL stjbihn of DTPA-pachtaxel 

Th," hvdroKiic stabjhty of DTPvpacIttaxeJ x^a!> siuiiej under a^ceieratod 
cojiditioni. Bucdy. i mg of DTPA-pa^htaxel was ciibwlved m I ml 0 5 M KaHCO 
5 aaiK-o j> ^oiut.o:, (pH () ^ , and anaH red hv IIPI C The I m C system consisted of a 
Waters 150 > 3 ^ ad > mm No^A-Pak cohiinr fi!k*d with CIS 4 sihca gel a 
Pes km FJmer i^ocratK i C purnp, a PE \elson </00 ^enes uuete, a Spcxira-Physic. 
l'\'^'i,s detectoi aiiJ d data stattoii The cluam taceio-jtnle/methanoi'O.O^M 
amnionaim ac^uue 4 M i was run at i ij ni!/m.r. -..itii irv detection at 22^ rira. The 
10 retentiOR nmes oJ DfPA-pachtaxd and paclitaxel were 138 and 8 8^ mm, 
respectively Peak areas uere quantitated and compared ^Aith standard cun-c^ to 
dcimmm tlie DTPA-pachtaxel and pa^ktaxei t-oncentration^ The estimated half-life 
of DT PA-pachtaxel ir. 0 5 M KaUCiX .oluiion about 1 6 d^>s at ronm temperature 

1 5 Lliects of DTP 'V-pacInaxel on the growth of B i 6 mouse melanoma cells .k v Uro 

Cdh ^^ere seeded m :!4-wcII plates at a concentration of? x lo' cells/'mi and 
growth m a 50 'ifi Ddbecco's modified minimal ciientiai medium (DEM) and 1 J2 
medium containing 10% bovmc call serum at for 24 hrs ,n a 97% humidified 
atmo^phere of 5.5% CO, The medmir ^.as then replaced svith Iiesh medium 

20 containmg paciitaxel or DT]' A-paclitaxd m concentration ranging from 5 ■ i n " M to 
75 - If " JVt Arter 40 hrs, the cells were -eJeased n^ trypsim^arion and counied m a 
Coulter counter The final concentraUons of DMSO {used to di^sohe pacjitaxel) and 
0 0^ M sodiwri bicarbonate solution tused dissolve DTPA-pachtaxd) m Uie cell 
mediuir were le^s tlian 0 01%. This amount of solvent did not have any effect on cell 

25 growth as determined hy control itudieii. 

The etkcts of DTPA-pac.itaxe, on the gruvM^ ot Bib melanoma ceils are 
presented m FIG 2 After a 40-h mcubatton wuh various concentrations, DTPA- 
p.ic!uaxel and pachtaxcl were compared as to eytoMxKit> The iC\. for pachtaxel 
30 and D ITA-pachuxel are 1 5 nM and 7 5 aM. respectively 
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Aj)t!tiimor effect on mammary carcinoma (MCa.4) tumor model; 

Female C3]if''Kam mice were inoculated vviih mammary carcinoma (MCa-4) 
in the muscles of the right thigh (5 x iO^ cells/mouse). When the tumors had growi 
10 8 ram (approx. 2 wks), a single dose of pachiaxel or DTPA-pacliiaxel was given at 
5 10, 20 arid 40 mg eqiiivaleiu paclitaxel/kg body weight. In coijtrol studies^ sahne and 
absoiute alcohol'Cremophor 50/50 diJuied with saiine (1 :4) were used. Tumor grovyth 
was determined daily, by tneasuring tlsres orthogonal tumor diameters. When the 
tiimor si2e reached 12 mm in diameter, the t\imor growth delay was calculated. The 
mice were sacrificed when tumors were approximately 15 mm. 

10 

Tiie tumor growth curve is shown in FIG. 3. Compared to controls, both 
paciitiixel and DTI'A-pacfitaxel showed at^titiinioi effect at a dose of 40 mg.'kg. The 
data were also analyzed to determine the mean iiumber of days for the tumor to reach 
12 mm in diameter. Statistical analysis showed that DTi^A-paciitaxd delayed tumor 
1 5 growlh significaiitiy compared to the saline treated control at a dose of 40 mg-'lcg ij) < 
0,01). The mean time for the ti«nor to reach 12 mm in diameter was 12,1 d'dys for 
DTPA-pacliiaxel compared to 9.4 days for paciitaxel (FIG. 4), 

Radiolabeiingof DTPA'paclitaxel with '''fn 

20 Into a 2 -ml V-vial were added successively 40 ^1 0.6 M sodium acetate (pH 

5,?) buffer, 40 ^ii 0.06 M sodium cidaie buffer <pH 5,5), 20 ixl D'iTA-pacIitaxe! 
solution in ethanol (2% w/v) arid 20 m) "'1«CI;, solution (1,0 mCi) in sodium acetate 
buffer (pH 5.5). After an incubation period of 30 min at room temperature, the 
labeled '"in-DTP.A-paclitaxel was pxa-ifjed by passing the mixture through a CIS 

25 Sep-Pac cartridge using saline and subsequently ethanol as the mobile phase. Free 
' ' 'ii5-DT PA {<3%) was removed by saline, while ' ' ' In-DTPA-pachtaxel was coiiected 
in the ethanol wash. The ethanol was evaporated under nitrogen gas md the labeled 
product was reconstituted in saline. .Radiochemical yield: 84%. 

30 .Analysis of ' ' 'ki-DTPA-pa^ciitaxel: 
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HPLC was used to analyze the reaction mixture and purity of" '^'in-DTPA- 
pacliUixel. The system consisted oi a LDC binary pump, a 100 x 8.0 mm (i.d.) Waters 
coiunu) filJed with ODS 5 .siiica gel. 'iV column was eluted a: a flow rate of 1 
nil/ir:in with a gradieni mixture of water mm methanol {gradient from 0% to SS% 
5 rnethanoi over 5.5 mitt)- The gradient system was monitored with a Nal crystal 
detector and a Specira-Physics UV/Vis detecfor. Ay evidcncal by HFLC analysis, 
piirifioatjon by Sep-Pak c;mrtdge removed most of the ''in-DTPA. which had a 
retention time of 2.7 mm. The '^'in-DTPA wa.s probably derived from traces of 
DTPA contaniinant in ihe DTFA-paclhaxcl A radio-chromatogram of ^"in-DTPA- 
10 paciiiaxel correlated with its UV chromatogrdm, indicating that the peak at 12.3 min 
was mdeed the target compound. Under the same chromatographic conditions, 
paclitaxel had a retention time of 17.1 min. The radiochemical purity of the fmai 
preparation was 9m as determined by HPLC analysis, 

[5 Whole-body scintigraphy: 

Female C3Hf:''Kam mice were inoculated with mammary carcmoma <MCa-i) 
in the muscles of the right thigh (5 >: 10' ccUs). When tlie tumors had grown to 12 
mm iti diameter, the mice were divided into two groups. In group 1. the mice were 
anesthetized by intraperitoneal mjection of sodium pentobarbital, followed by ="in. 

,0 DTPA-pacUtaxel (100-200 mCi) via tail vein. A y-camera equipped witli a mediuin 
eaergy colhmator wa^ positioned over the mice (3 per group). A serie.^ of 5 min 
acquisitions were collected a( 5. .30. 60. 120. 240 min and 24 lu-a after injection, in 
group II, the .same procedures were followed except that the mice were injected wih 
'"ln~DTPA as a control. FIG. 5 shows gamnia-scintigrapbs of animals injected with 

5 ^"in-DTPA and ^"in-DTPA-paciitaxel, "in-DTPA was characterized by rapid 
ciearaiice from the plasma, rapid and high excretion m the urine with minimal 
retention in the kidney and negligible retention in the timior, the iiver, tlie intestine 
and other organs or body parts \n contrast, ' " In-DTPA-paciitaxel exhibited a 
pharmacological profile resembimg thai of paditaxel (Eiseman t-r a/., 1994). 

) Radioactivity in the brain was negligible. Liver and kidney had the greatest 
tissue piasnm ratios. Hepatobiliary excrehon of radiolabeled DTPA-paclitaxel or its 
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rnetanubtt;? wai one of ihe ma)or loutci tor tise ckarancc of liie drug frum the blood 
Liiiike paclitdxei, a significam amount of "in-DTPA-pachUixol wa^ also excreted 
liirou^^h kidnev, which oniy piayed a mmor xok m the clearance of pacxitaxei Th^; 
-.umiir had iigmficjm uptake of " In- J rPA-pai.hta.s.cl These resutb demo^s.t^^^l^: 
5 that ' 1-i-DTPA-padiUixti .s able to detect certain tumms and to quantify the i5ptake 
of ''5n-mPA-pac'ita\ci in the iuiror> which in lum, may as<.ist in the selection of 
patients tor the pacluaxe! treatment 

Example 2 

10 PoSyglmamk Acid-Paclitaxel 

The present exaniple demonstrates the conjugation of paclitaxel to a water- 
soiubte polymer, poly (i-glutamic acid) fPG). The potaitial of water-solubie 
poiymcrs used as dmg carriers is weii esiabHshed (Ropecek, 1990; Maeda and 
Mawumuia, 1989). in addition to its abiiity to soiubilizs otherwise insoluble drugs. 
15 the drug-poiymer conjugate aiso acts as a ^low-release depot for controlled drug 
release. 

Synthesis of PG-Paclitaxei 

PG was selected as a carrier for pactitaxei because it can be readily degraded 
20 by lysosomal enzymes, is stable in plasma and contains sufficierrt fmictional groups 
for drug attachment. Several antitiinior drugs, including Adrianiyciii (Van Heeswijk 
al., 1985; Hoes et «/.. 1985), cyclophosphamide (Hirano er a!., 1979). and Ara-C 
(Kato ei al , 1984) have been conjugated to PG, 

25 PO sodium salt (MW 34 K, Sigma, 0.35 g) was dissolved in water. The pH of 

■he aqueous solution was adjusted to 2 using 0.2 M HCI. The precipitate was 
coUected, dtalvzed against distilled water, and lyophiUzed to yieid 0,29 g PG, 

To a solution of PG (75 mg., repeating unit FW 170, 0.44 ramol) in dry DMF 
30 (1.5 mL) was added 20 mg paclitaxel (0.023 mmok molar ratio PG/paclitaxe! = 19), 
1$ mg dicyclohexylcarbodiimide (DCC) (0,073 miBol) and a trace amount of 
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dimeaiyiaminopyridine (DMAP). The reaction was aliowed to proceed at room 
t^nweratute \vr 4 lirs Thm td>er chrnmatagraphv flLC, sihca) shovved complete 
comerstor ot pachtaxei (Ri - 0 5^! to polymei conmgate (Rf !i, mobile phase. 
CHClvMeOH HJ Ij Tftt jt-acifop mixture was poured into chioiotonn Fiie 
5 re=;uit»5j; prectpUate was collected and dnei m a vacuum fo yseid 65 mg pol> mer-drug 
comtjgdit: ctiaijgHi^ the weight ratio of pachtaxei to P<J tn the startrag matcnal?, 
poiytrtenc .-n-nutjate^; ot vanous pacliiaxel concctitrations can be synthesized 

Inc iodmni salt of PG-pachiaxei c.>n3Ugate wab obtained by di<;so!vmg the 
10 product m 0 ^ M \aHCX), 'Ihe aqueoi^s soiution of FG-pachtaxei was diaj>;^ed 
against distilled water (MWCO ],fH)0) to reiiiove low moJecuIar weight cotitainiiiants 
and excess NaHCO^ salt. I yophihjation of tire dialysate yielded 88 6 mg of wbite 
powder The puciitaxef content iti this poiymcric conjugate was determined by TV 
(descnbed below) as 21 % (w,w) Yield (convention to polv-mei bound pachiaxeL 
15 i;Vj PG-paciitoxei mih higher pachtA-xei content (up to can be 

synthesiyed by this method by simply increasing the ratio of pacHtaxe! to PO used 

'H-NMR (GE inodd f rN 500 spectiometer, 500 MH/. m DjO> 6 = 7 75 to 
7 36 ppm (an.>matic componenus of paciitaxeh. 6-6 38 ppm lC,fl-H), 5 O'^ ppm (Cj- 

20 Hk 5 63 and4 78 ppm (C/^Hl 5.55-5 3b ppm (CMT and C\-H, ml 5.10 ppm {Cylll 
4 }9 ppm iC\-m, 4 10 a^,,-H}, i .^7 ppm (OCOCH,). and 1 l.S-1.20 ppm (C-CH,) are 
assigned to ahphatic componetits .^f paclitaxei. Other resonances of pacbtaxel were 
(Jbscured bv the resonances of PC} PG resoimnces at 4 27 ppm (H-a), 2 : 1 ppm Qi- 
y>. and 2 t>4 ppm (H-fi) iire in accordance with pure VC, spectrum. The couplings of 

25 pt>l> mer conjugated paciitaxel are too poorjj' resolved to be raeasu-ed ^Mti; sufficient 
accuracy Hie solubility in water was - 20 mg paditaxeLml 

C haracterization of PG-pachtaxe! 

I'kraviolet spectra tTJV) weie obtained on a Beckman DU-640 
30 spectrophotometer (FuUenon, CA) The content ot paciitaxel conjugated to PU ^vas 
csttnmted b> W based on a standard ciir/e generated -Mxh ijiown concentration, of 
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paclitaxel in methanol (X ~ 22B mn), assummg that the polywer conjtjgate in water 
and the free drug in njethanoi had the same molar extinction coefficients and that both 
followed Lambert Beer's law. As shown by its UV spectrum, PG-paciitaxei has 
characteristic paclitaxel absorption with k shifts from 228 to 230 nm The 
5 conceniraiian of paciitaxei in PCj-paclitaxel was estimated based on standard curve 
generated vvith faio%vn concentrations of paciitaxei in methanol at absorption of 228 
run, assuming that tiie polymer conjugate in water at 230 mn and the free drug in 
methaiK>i at 22S nm have the same molar extinction and both foilow Lambert Beer's 
iaw. 

10 

Get Permeation Chromatography Studies of PG-Paciitaxel 

The relative niolcciiiar %veighT of PG-paclitaxel was characterized by gel 
penneation chroiiiatography (GPC)- The GPC system consisted of two LDC model 
lii puirips coupled with LDC gradient master, a PL gel GPC column, and a Waters 

15 990 photodiode array detector. The ektant (DMF) was run at 1,0 mi/min with IJV 
detection set at 270 nm. Conjugation of paciitaxei to PG resulted in an increase in the 
molecular weight of PG-paciitaxei, as indicated by the shift of retention time from 6,4 
min of PG to 5.0 min of PG-paciitaxeJ conjugate a.s analyzed by GPC. The calculated 
molecuiar weight of PG-pacHtaxe! containing 15-25% paclitaxel (w/'w) is in the range 

20 of 45-55 kDa, The cmde product contained a .small molecular w^dght contaminant 
(retention time 8,0 to 10,0 min, and 1 1.3 min), which can be effectively removed by 
converting PO-pacHtaxe! to its sodium salt, followed by dialysis, 

Hydrolytic degradation of PG-paciitaxei conjugate 

25 FO-pacUtaxei was dissolved in phosphate-buffered solutions (PBS, 0.01 M) at 

pH 6.0, pH 7.4, and pH 9.6 at an equivaient paclitaxel concentration of 0.4 mM. The 
solutions were incubated at Jl'^C with gentle shaking. At selected time intervals, 
alkjuots (100 ul) vvere removed, mixed with an exjual volume of methanol and 
analyzed by high performance liquid chromatography (IIPLC), 'Hie HPLC system 

30 consisted of a reversed-pha,se silica column (Nova-Pac. Waters, CA), a mobile phase 
of methanol-water (2:1 , v/v) delivered at a flow rate of LO ml/min, and a photodiode 
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detector The conccntrauor of PG K-und pacbnxeL free paciitaxcl aiid other 
degradauoii products, in each sampic w^^ calculated b>' compaiiiig (he peak area^ wnh 
a iepamtel) noiamtd standard ^jrve prepared from pacj.taxel assummg that the 
moid! cxiincuon cncfficn.m c each peak at 22S nm xhi. <;ame as that oi pacLiaxtrl 
5 T 'Uit-hx' of the coiijugate. estimated to be ! 32, 40 aiid 4 days at pH 6 0, " 4 and 
'J 6 rcspuLve,% . were detemitned b> a ime^- ica^t-square regressjon anahsi^ HP! C 
iiuhsis r.>^ealed *hat moufaatjon of PG-pachtaxd m PBS solutions produced 
pi.cl-ta-.el and several other species includmy one that is more hydrophobic than 
rachtaxei (melab(.!iie-3 s ]n fact, the aniount oi mctabohte-i, which v.a= raost 
i 0 prohabi) 7-cpipacIitaxej, r*. covered in PB^ at pU 7 4 s.uipassed that of paclttaxel atter 
HIO hours o: mcubation (FIG 6) 
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Ahquots Ghtamed from PBS sufuti<m at pH 7 4 wer^> subjected to aralysi^ b> a 
1 5 tiihuiin polymenzatton assa> The ttrbiiiiri assembb -eactiori was perfomied at 32=C 
lu PFM bufrer (pH 6<^) at a tubulin (bovme bram Cjlo&keletoEi Inc , Boulder, CO) 
cuncetitraiion of 1 mp;mi (IC ^M) >n the presence of testing sample^ (J.O tiM equiv 
Paciuaxd) and 5 0 mM OTP Tubulin polymerization was foJloued b\ measuring the 
ab^orbajice of the solution at 340 nm over tmie After 1 5 mm, calcium chJonde {125 
20 mM) %vas added to measure CaCirtnJuced depolvmen/at.on of niicrotuhuks 

PG-r«Jchtaxei freshly d>s.o:ved tn PBS was inactive m prociucuty ti^icrott^buies, 
ahquots of PG-p,.cbtaxel incubated for three davs did result in tubuhn polvmenzation 
'Oie micmtobuies lurmed ^^ert■ stable agamst CaCl^-mdueed depolymenzation 

25 1 he effect of PG-pacittaxel on cell g^o^Mh ^^a<^ also examined ^> tetrazoliun^ 

salt {MTT) assav (Mosmann. 1083) Mcr-7 cell, or n762F ceJs uere seeded at 2 x 
iO' celkml m a %-uey microtite- plate treated 24 hrs later ^.ith %anuus 
concentrations of PG-padnaxel, paciitaxel or PO, and m<.ubat.J for an addsuona! 72 
ra M n solution (20 ^1. ^ mg.ml) was then added to each well and mcubated for 4 

30 bt The supernatant wh^ aspirated, and the hi IT torniazan formed b% metaboii.ally 
v.ah'e cells uas measured bv a mtcropiate fluorescence leader at a wavelength of 590 
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Jim. Over the three day period, PG-paciitaxei inliibited timior eel! piX>liferation to an 
extent similar to that of free pachtaxe! For human breast tumor cell line MCK -7, the 
rt-suitant K, , values were 0.5^) for paciuaxel aiid 0,82 uM for PG-paciitaxe! 
{measured in paclitaxei equisalent units). Against the n762F coll line, iensitiviiy ibr 
3 P(»-pachtaxel (IC\f, ~= 1.86 uM) was comparable lo ihat of paciitaxel (iCj^-, - <-i 79 
iiM ;. Voi both cell hncs, the iC^f, of F'O aionc was greater than 100 uM. 

in vivo antitumor activity 

.A.11 animal woric was carried out at the animal fticility at M.D. j-Xnderson 

10 Cancer Center in accordiuice wuh instituljonal guidelines. C3H''Katn mice were bred 
and maintained in a patiiogen-fvee facihty m the Department of Experimenta! 
Radiation Oncology. Solitaiy tumors were produceti in the muscle of the right thigh 
of female C^R'Kam mice (25-30g) by injecting 5x10' murine ovarian carcinojua 
cells (OCa-1), maminary carcinoma (MCa-4), hspatocarcinoma {tiCa-1) or fibrous 

15 sarcoma {FSa-il). In a parallel study, female Fischer 344 rat.s (125-150 g) were 
injected with i.O x 10^ viable B762F tumor cells in 0,1 ml PBS. Treatments were 
mitiated when the tumors in mice had grown to 500 mm' (10 mm in dianjeter), or 
when the tumors in rat:> had grown to 24O0 mm' (mean diameter 1 7 mm). A single 
dose of PG-paciitaxei in saline or paclitavicl in Cremophor El vehicle was given in 

20 doses var>'in.g from 40 to 160 rag equiv. Paciitaxd/'kg body weight. In control 
experiments, saline. Cremophor vehicle t50 '5O Cremophor/ethanol diluted with saline 
U:4)|, PG (■ M\V "ifiK) saiution in sal me, and a paclitaxel/'PG mixture were ussd. 
lumor growih was determined daily (FIG. 7A, 7B, ?C, 7D and 7E) by measuring 
three orthogonal fumor diameters. Tumor volume was calculated according to 

25 fonnuia (A x B / C)/2. Absolute growth delay (AGDl in mice is defmed as the time 
in da>'S for tumors treated with various drugs to grow tiom 500 to 2,000 mm' in mice 
minuij the tuiic- in days for tumors treaied with saline control to grow from 500 to 
2.000 mm" Table 1 summarizes acute toxicity of PG paciitasel in rats in comparison 
with pad itaxei /Cremophor. Table 2 summarizes the data concemmg the effect of PG- 

30 pachtaxel agamst MCa-4, FSa-H and HCa-1 ttimors in mice The data are also 
summarized in FIG. 7A-FiG. 7E. 
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Tabk ] Acute Toxicity of PG-PaelitaxeJ in Fischer Rats* 





Dose 
(mg/kg'5 


4 uf Tonic 
Death 


Bodv Weight 


r ; v— 

1 uiii; at Nadir 
(da> s.) 


Time of Full 
Recoverj' 
{days) 




60 


.1/4 


35.7 




14 


PG-paclitaxei'^ 


40 


0/4 


Ij.i 


6 


11 


PaciiiaxeJ'' 


60 


1/4 


16.7 


6 


15 


Paclilaxc'f" 


40 


0/3 


17.9 


6 


16 


saiine 


1. 0 ml 


0/2 


5.2 


1 


7 


PG' 


0.3 g/kg 


0/2 


4.3 


2 


8 


Creniophor 
Vehicle'* 


2.0 ml 


0/2 


6.9 


t 


9 



* Drugs were administered immvznomly mto ! 3762F tunior-bearing Fischer rats 
5 (iemaje, 1 30 g) in a single injection. 

a PG-paclttaxel solution was prepared by dissolving the conjugate in saline (8 ing 

etjuiv, pacinaxel/mn. The injeck-d volume at 60 mg.-'kg was 0.975 ml per rat 
b Paclitaxel Creinophor solution was prepared by dissolving paciitaxet in a !■! 
inixtui^ of ethyl alcohol and Cremophor (30 mg/ml). This stock solution was 
10 forther diluted with saline (1:4) before injection. The final concentration of 

payhtaxei in the solution was 6 mg.'ml. The injected volume at 60 mg/kg was 
1.3 ml per rat. 

c PG solution w^s prepared by dissolving the polymer in saline f22 mg'm]} The 
injected dose was 0.3 g/kg { 1.8 ml per rat), which was equivalent to pacUtaxei 
15 dose of 60 mg/kg. 

d Cremophor vehicle wa^ prepared b\' diluting a mixmre of ethvi alcohol and 
cremophor {]-.]) with saline ^^ ;4). 
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Table 2: The Antitumor Effect of PG-Paeliiaxei AgaiKst 
Different Types of /« Vivo Murme Tumors 



Tismor 




Time to Grow''^ 
500 - 2U00 nun 


AGD- 


/-test" 


MCa-4 





4.8±0.8 (5) 








PG (0,6 g/kg) 


93±\.\ (4) 


4.3 


0.0114 




Crernophor Vehicle 


6.1±0.7 (5) 


1,3 


0.265 




PG-PacI (40 mg/kg) 


8.6±t,2i4j 


3.8 


0.026 




PG-Pad {60 mg/kt;) 


14.2±Li (5) 


9.4 


0.000? 




PG-Pac! (!20mg.'1cg} 


44.4±2.9 (5) 


39.6 


<0.0001 




PaclitAxel (40 mg/kg) 


9.0±Q.6 (4) 


4.2 


0,0044 




PacHtaxel (60 mg/kg) 


9.3±0.3 (5) 


4.5 


0.0006 




Saline 


1.9±0.1 (5) 








PG fO.S g/kg) 


2.m.2 (6) 


0.9 


0,0043 




Crernophor Vehicle 


2.2+0.2 (6) 


0.3 


0.122 




PG-Pacl (80 mg/kg) 


3.8±0.4 (6) 


1.9 


0,0016 




PG-PacHT60 mg/kg) 


5.1+0.3(13) 


3.2 


<0.0001 




Paclitaxei (80 mg^'kg) 


4.2±0.3 (6) 


2.3 


0.0002 




PG^Paclitaxel 


3.010.2 (6.) 


Li 


0.0008 




Saline 


7.3±0.3 (5) 








PG (0.8 g.'kg) 


7.7±0.4 <4) 


0.4 


0.417 




Crernophor Vehicle 


6.8±0,8 <5) 


-0.5 


0.539 




PG-Pacl (40 mg.'kg) 


8.2±0.?{5) 


0.9 


0.218 




PG-Pacl (80 mg/kg) 


8.6+0.2 (5) 


t.3 


0.0053 




PG-Pacl (360 mg/kg) 


n.0±0.8 (4) 


3.7 


0.0023 




PacUtaxeJ (80 mg,/kg) 


6.4±0.5 (5) 


-0.9 


0.138 




PG+Paciitaxel 


6.7i0.4 (5) 


-0.6 


0.294 



5 a Mice tearing 500 mm' tumors in the right leg wer<; treated svitli various doses of 

PG-pa;>.iitaxd (40-120 mg equiv. paclita^icl/ltg) in saline or paclitaxei in 
Crernophor vehicle i.v, in a single injection. Control animals were treated with 
saline (0.6 ml), Crernophor vehicle (0.5 nil), PG solution in saline, or PG g/kg) 
plus paclitaxei (80 mg/Tcg). 

H) b Tumor growth was detennined by daily measurement of three orthogonal 
diameters with calipers and the volume was calculated as (a x b c)/2. Shown 
in brackets are the »umber of mice used in each grotip. The time in days to 
gn>\v from 500 mm ' to 2000 mnf* are presented meantstai^.daid deviation, 
c Absolute grovvlh delay (AGD) defined us the time m days for tumors treated 

15 with various drugs to grow from 500 to 2000 mn)^ minus the time in days for 

iMmors treated with saline control to grow from 500 to 2000 mm" . 
d The time in days to grow from 500 to 2000 mm"' were compared for treatment 
groups and saime group using Student's /-Test. P- values are twsided and 
were taken to be significant when less than lo equal 0.05. 
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Example 3 
Polyefhyieae gjyc»l~Paclitax«! 
S\nnej>Ls of po'.j ethylene i;)>cul-pai;htaxei (PfcC-pdclitaxc!) 

rh.^ ;\nthei,is wa;, accomplished m mo step-. InrU 2 -succinyi-pachtaxc! \\as 
prepared acLording to a reported procedure mcmsch et al , lOsyi Pacittaxel f20f} 
mg, (' mmoli and succinic ajilivdrtue i2U mg, 2 22 mmoij uejc aiU.\\ed to jeact in 
aah>druui p\ndinc {fj m!) nt room tempc-rature for ^ lirs The pyndme was tlien 
c\apor^ted. and the residue was Treated -^mXh water, stirred tor 20 mtn, and filtered 
The prectpjtatc \Nas disbol^ed in acetone, water uas slowly added, and the fine 
cr>stals ^^e^e cnlJected to yieid {80 mg 2'-succjn>l-paclitaxel PhfT-pachtaxel was 
synthesized by an N-etbox>carK->n>i-2-et>ox> 1,2 d'hydroqumoline (tfcDQ! 
medjated c.>apiin^ reaction To a sciution uf 2'-succin>l-paclitaxe! (IbO mg, 0 18 
mmol) ana methoxypoKo\yeth>lene amme (PRC^NHj, MW 5000. 900 mg, 0J8 
mmo.) m methylene chionde ^vas added EEDQ (180 mg. 0 72 mmoh The reaction 
mixture was stirred at room temperatiitr for 4 hrs TJte crude product was 
citromatographed on sihca gel with eth>I acetate followed b> chluroiomi-metlmoi 
f 10 1 1 Thi.s gave ms of product 'jl \MR {CDCUi 5 2 76 un, succmic acid, 
COCH,CIi,CO.), 6 5 6^ (PEG, OCF.CHp). 6 ^42 (C7-H) and S 5 51 (C2'-H) 
Maximal V\ absorptK-.ji v^sb at 288 nm which is also characteristic for paclitaxci 
Attachment to PFXr greatl> -mptoved the aqueous ^oluhiiitj of pachtaxe! (>20 mg 
equivalent p-ichtaxel/ml w.ater) 



Hydrolytic stability of PEG-Paclitaxef 

PEG-Paclitaxei was dissolved in phosphate buffer (O-OIM) at various pHs at a 
concentration of 0.4 mM and the sohitton^ wck; allowed to incubate at 37X with 
getitie shaking. Ai selected time irtterv-als. aiiquots (200 ^1) were removed and 
iyopnilized, The resulting dry poxvdcrs were redissolved iti methylene chioride for gel 
penr.eation chj-omalography (GPC anaiysis). The GPC system con.sisted of u Perkin- 
Eimcr PL gd mixed bed column, a Pcrkin-Elmer isocratic LC pump, a Hi Nelson 900 
series interface, a Spectra-Physics UV/Vis detector and a data station. The elutant 
-29- 
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{methylene chloride? was run at 1 ,0 mJ/min with the UV detector set at 22$ n.m. The 
reientjon times of PEG-paclitaxe! and pacliiaxd were 6.1 and 8.2 min, respectively. 
Peak areas were quantified aiid the perceatage of PEG-paciiraxel i-emaiiiing and the 
percentage of paclitaxei released were calculated. The half life of PEG-pacHtaxei 
5 deiermined by linear least-squares at pH 7.4 was 54 min. The half-iife at pH 9.0 was 
7.6 min. Release profiles of pacliiaxel from PEG-pacHtaxel at pH 7.4 is shown in 
FIG. 8. 

Cytotoxicity Studies of PEG-pacHtaxei using Bio mouse melanoma cells in vitro 
10 Following the procedure described m the c>totoxicity studies wilhi DTPA- 

paclitaxei, njelanoma ceils were seeded in 24-vvell plates at a concentration of 2.5 x 
lO* cells/ml and grown in a 50:50 Dulbecco's modified minima! essential medium 
{D.ME) and F12 medium containing 1U% bovine calf serum at 37"C for 24 hi-s m a 
97% humidified atmosphere of S.SVo COj. The medium was then replaced with fresh 
15 medium containing pachtaxcl or its den\-atives in concentrations ranging from 5x10" 
^ h\ 10 75 X 10~^ M, After 40 hrs, the ceils were released by trypsinization and 
counted in a Coulter counter. The final concentrations of DMSO (used to dissolve 
paciitaxel) and 0,05 M sodiuiK bicarbonate solution {used to dissolve PEG-paclitaxe!) 
in the cell medium were less than 0,0 i%. This amount of solvent did not have any 
20 effect on ceil growth as deiermined by control studies, Furthemiore, PtG in the 
concentraiion range used to generate an equivalent paclitaxei concentration from 5 x 
] U U to 75 ^ 1 0"'^ M also did not effect cell proliferatioti 

.Antitumor efTect of PEG-poclitaxei against MCa-4 tuinor in mice 
25 TV' evaluate the antitumor efficacy of PEG- paciitaxel against solid breast 

tumors, ^4Ca-4 ceils (5 x 10* cells) were injected into the right thigh muscle of female 
C?Hf/Kam mice. As described in Example 1 with the DTPA -paciitaxel. when the 
tumors were grown to 8 mm (Appro.\. 2 wks), a single dose of paciitaxel or PEG- 
paciitaxel was given at 10, 20 and at 40 mg equivalent paclitaxeL/kg body weight. 
30 Paciitaxel was inttiaJly dissolved in absolute ethanol with an equal volume of 
Cremophor, This stock solution was forther diluted (1:4 by volume) with a sterile 
-30- 



phvstoiogiccti soiiitjcn x\ithjii 15 minmes of imsclum PHG-paclitaxei w^t. diSsoJved 
i:i bahne <(> mg cquiv pad itaxel'tni , ai\d ilhcrtd 'irough a sferue filter (Miliiporc, 4 5 
iim) Sahne, paclitavt;! vehic'c at^wlijfe akoti>) C «nophi)r (LI i diiuted with siimc 
tl -i) and PUj solution in saime (600 mg/kg bf*d\ weight) were Uied m control 
5 experiments Tumor gr^vnh wa^ dvtinnmed daih. by measiiring three orthogonal 
twiiot Jiameters When thi> tnmor size readied 12 mjni m diameter, the tumor grovvtli 
delay was catculated. 

The tumor growth curve is shown in FIG 9. At a dose of 40 nig/kg, both PEG- 
10 pacihaxel and paciitaxel efifectiveiy delayed tumor growth. Paciitaxel was more 
effective than PEG-paclitaxel, aJthough the difference was not statisticaily signiilc^t. 
Paciitaxel treated tmnors required 9.4 days to reach 1 2 mm in diameter whereas PEG- 
paciitaxel-treated tumors Kquixtd 8.5 days. Statisttcaily, these valttes were significant 
(p > 0.05) as compared to their corresponding controls, which were 6.7 days for the 
1 5 paclitaxet vehicle and 6.5 days for the saline solution of PEG (FIG, 4), 

While the compositioas and methods of tiiis invention have been described in 
tertijs of preferred embodiments, it will be apparent to those of skill in the art tiiat 
variations may be applied to the compositions, methods and in the steps or in the 

20 sequence of steps of the methods described herein vs ithout departing from the concept, 
spirit and scope of die invention. More specifjcail)-, jt will be apparent that certain 
agents which are both chemically and physiologically related may be substituted for 
the agents described herem while tiie same or similar results would be achieved. Ail 
such similar substitutes and modifications apparent to those skilled in the art are 

25 deemed to be withm tlie spirit, scope and concept of the invemion as defined by the 
appended claims. 
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1. A composition conjprising an anti-tumor drug coBjugated to a water soluble 
polymer or metal chelator ai>d whereso said anti-tumor drug is paclitaxd, docetaxei. 

5 eiopside, temposide, camptotliecin or epothilone. 

2. The composidoo of ciaim 3 wherein th« anti -tumor drug is paclitaj^el. 

U) 

3. Ilie composition of ciaim I , wherein said anti-tumor drug is docetaxei. 

4. The composition of ciaim h whereiti said anti-ttimor drug is conjugated to a 
1 5 water soluble metai chelator. 



5 . The composition of claim 4, &rther comprisiEig a chelated metal ion. 

6. 'Hie composition of ciaitn 5, wherein Siiid chelated mclal ion is selected from 
the group consis-ung of aluminum, boroii, calc.um. clTTomiiini, cobalt, copper, 
dysprosium, erbium, europium, gadolinium, galliuni. germanium. hoJmium, indium, 
iridiwn, iron, magnesium, maiiganest:. nickel, platinum, rhenium, rubidium, 
ruthenium, samarium, sodium, technetium, lhaiiium, tin, vttrium and zinc. 



The composition of ciaim 5, wherein said chelated metal ion is a radionuclide. 
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8. The composition of claim ?, wherein said radionyciide is selected from the 
group consisting of ^'Ga, ^Via, " 'in, ^"'Tc. *"Y, ' """In and ''^^"^Pt. 

5 9, A composition comprising ^''in-DTPA-paciiiaxeL 

10. The composition of claim 4, wherein said water sototsle chelator is selected 
from the group consisting of diethyienetriaminepentaacetic acid (DTP A), 

10 ethyknedtaminetetraacetic acid (EDTA), 1,4,7,IO-tetraazacyciododecaae-N,N',N" 
,H"'-teiraacetate (DOTA), ietraa2»cye{oteiradecane-N,N*.N"N"'-tetraacetic acid 
(TETA), hydroxyethylidefie diphosphotiate (HEDP), dimercaptosucciiiic acid 
(DMSA), diethyleneiriaminetetramethyienephosphomc acid (DTTP), DPDP and 
aroinobenzyO-DTPA. 

IS 

11. The composition of claim 4, whereiri said chelator is 
diethyienetriamioepentaaeetio acid (DTP A). 

20 

12. Th? composition of claim L v/herein said water soluble polymer is selected 
from the group consisting of poly td-giuiamic acid), poly (I-glutainic acid), poly (dl- 
glutamic acid), poly (d-aspartic acid), poly {i-aspartic acid), poly (dl-aspartic acid), 
polyethylene glycol polyactylic acid, poly(2-hydroxycthyl J-gUitamijne), 

25 carbox}'Tnethyl dextran, hyaluronic acid, human serum albumin, alginic acid and a 
combination thereof, 

13. The composition of claim 12, wherein said polymer is further defined as a 
,10 copolymer with polycaprolactone, polyglycoiic acid, polylactic acid, poiyacrylic acid, 
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poi:A:-hvdro\Nethvl i gbtammc) carbon vmstliv) dctoi ,i>aiuiOiiic acid, humjui 
.^enjm ulhumm po vaigsnii: acjci or a coinbmatjon (hereot 



5 !4. ilie composition of daim J 2, wherein said poiymer has a moiecu!ar weight of 
iTora about 5,000 to about 100,000. 



1 5. The composiiion of ^;iaim 1 2. wherein said polymer has a moiecuJar weight of 
1 0 Irom aboui 20,000 to about 80.000. 



5 6. The composition of claim 1 2, wherein said poiymer has a molecular weight of 
about 30,000 to about 60,000. 

15 

17, The composition of claim 12, wherein said water soluble poiymer is 
cotijugated to the T-mdhr the T-hydroxyi of paclitaxd or docetaxd. 

20 

IS. The eomptisitioo of claim 12, whenjin said water sofoble polymer is 
polyethylene glycol 



25 19. The compo.sitioii of daim 1 2, wherein said water sotable polymer is poiy (|- 
glutamic acid). 



20, The composition of claim 12, wherein said water solubie polymer is poly (1- 
30 aspartic acid). 
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21 . The compositson of claim \ dispersed in a phairnaceuticaliy acceptable canricr 
solution. 

5 

22 A mtiiliod oi" tJc;i«ni.uiiiig aiMi-fumo)- drug uptakt by xumor tissue comprising 
the steps of: 

a} obuuiiing a composition comprising a conjugate of paclitaxei or 
1 0 docetaxel and a metal chelator and a chelated metai ion; 

b) contacting said tumor tissue with said coniposition; and 

c ! detecting the presence of said chelated metal ion in said tumor tissue; 

IS 

wherein the presence of said chelated metal ion in Stiid l^imor tissue is indicative of 
paclitaxel by said tumor tissue, 

20 23 . A method of claim 22 wherein the anii-l\3mor drug is paclilaxei. 

24. The method of cJaira 22, wherein said chelated metal ion k a radionuciide and 
said detection is scintigrapMc. 

25 

25. The method of claim 22, wherein said tmnor tissue is in a subject and said 
composition is administered to said subject. 

m 

26. A method of seating cancer in a subject comprising the steps of: 

48- 
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a ) obtaimtig a corapoaition comprising paclitaxei or docetaxel conjugated 
Jo a water soiiibie polymer or chelator aiid dispersed in a pharmaceuticaily acceptable 
solution, and 



h) administering said solution to said subject in an Htnouni effective to 
treat said cancer. 



1 0 27. The method of claim 26 wherein said 



composition comprises paclitaxei. 



28. The method: of claim 26, further comprising determining the paciitaxel or 
docetaxei uptake of said tumor prior to said admlwstering, wherein said detemiitmg 
15 is by administering a chebtor-meta! ion-pacHtaxd or docetaxei conjugate to said 
subject and detecting the presence of said metal ion in said tumor. 



29, The mzthod of claim 26, wherein said cancer is breast cancer, ovarian cancer, 
20 maiignani melanoma, lung cancer, gastric cancer, colon cancer, bead and neck cancer 



30, The method of claim 26, whei-ein said cancer is breast cancer. 

25 



31. The jiietliod of claim 26, wherein said cancer is 



ovanati cancer. 



30 32. A method of decreasing at least one symptom of a systemic autoimmune 
disease comprising administering to a subject having a systemic autoimmune disease 



an cffecti\e atnoum of a cfimposUion comprising paclitaxe! nr dr>ceta\ci coiyugatt-d to 
poiy {l-glutami>. acidt or puiy O-aspartit; acid). 

5 33. The method of claim 32, wherein said compositioji comprises paclitaxeL 

34. The method of claim 32, wherein said composition comprises poly (t-glutamtc 
acid). 

10 

35, The metiiod of ciaiia 32, wherein said system amoimmune disease is 
rheumatoid arthritis, 

15 

36, A method of inl;ibiting arterial restenosis or arteriaJ occlusion following 
vasciiiar trauina comprising administering to a subject in need thereof, a composition 
comprising pacHtaxei or doeetaxe! conjugated to poiy (3-gluiamic acid) or poly (!- 
aspartic acid), 

20 

37. The method of claim 36. wherein said composition comprises paclitaxel. 

25 38. Tise method of claim 36, wherein said composition comprises poly (l-glutamic 
acid), 

39. The method of claim 36 wherein said subject is a coronary bypass, vascular 
30 surger}', organ tran&ptanl or coronary or arterial angioplasty patient. 
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40. The method of claim 36, wherein said composition is coated on a stent and 
said stent is implanted at the sight of vascular tramna. 



41, A pharaiaceuticai comjxisiiion comprising pacHtaxei or doceiaxet coirjiigated 
TO a water solubie polymer or chelator. 



1 0 42. The composition of claim 41, wherein said water soluble polymer is po!y (1- 
aspartic acid) or poly (i-giutamie acid). 



43 . The composition of claim 4 1 , wherein said chelator is DTPA. 

IS 

44. The composition of claim 43, further comprising a therapeutic amount of a 
chelated radionuclide, 

20 

45. A method of obtaining a body image of a subject comprising; 



a) admiiystering to said subject m efFective amomit of tlie agent of claim 

25 6; and 

b) measuring scintigraphic signals to obtain an image . 
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40 An impiantabie medical device, ^.herein said device is coated wiiii a 
composition comprising paclitaxel or docetaxe! conjugated to pnhglutamic acid or 
fx^lyaspartic acid in aif^ amoani effective* to inhibit .smooth muscle cell proliferauon. 

5 

47. The impiantabie medica! device of claim 46, ftjither defined as a stent coated 
with said composition. 

K) 48. The implantable medical device of ciain> 47, wherein said stent is adapted to 
be used after balloon angioplasty and said composition is effective to inhibit 
restenosis. 

15 49. A composition comprising polyglutamic acid conjugated to the 2' or ? 
hydroxy! of paclitaxel. 

50. A composition comprising poiyaspartic acid conjugated to the 2* or 7 hydroxyl 
20 of pacHtaxeL 

5 1 . The composjiion of claim 49, wherein said poiygiutamic aeid is conjugated to 
the 2' arid the 7 hydroxy 1 of paclitaxel, 

25 

52. The composition of ciaim 50, wherein said poiyaspartic acid is conjtjgated to 
the 2' and the 7 hydroxy! of paclitaxel 

30 

-42- 



wo 97/33SS2 




Paciaxe!: R1r=:R2~H 



PEG-Paclitaxef: 

R1-COCH2CH2CONHCH2CH2{OGH2CH2)jjOCH3 



r-DTPA-paciftaxel: 
R1-H 
R2= 



0 



COOH COOH COOH COOH 



2'-DTPA-pac{itaxel: 

R1- R2-H 

0 



COOH COOH COOH COOH 

FIG.1A 
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Equivalent Paclitaxel Concentration (nM) 

FIG. 2 
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- DTPA-paclitaxef 10mg 

• DTPA-pacfftaxel 20 mg 

• DTPA-pacfftaxel 40 mg 
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Days after Treatment 
FIG. 3 
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Days Postifijection 
FIG, 7C 



SOBSTmjTE SHEET (RULE 261 



PCT/US»7,^3«S7 



10/11 




0 2 4 Vir~W 12 14 



Days Postinjection 
FIG. 7E 



I]>nrERNAT10NAJL SEARCH REPORT 



PCT/US97;Q36S7 



A, C'LASSIFICaTJON of subject MAITEiR 

Ji'a5) .A6iK 5/0O; Mm 36/00; AOiN 43/02; C{>7D30S;0O 
V% Ct .424/!.37,1.65,i.<>9; 600-7,8: 514/449; 549/510 
Accotrfmg to inteftulional Patent Classi/icaton (TFC) or to t>oth nations! elsssifJcatioi) and IPC 

B. FIELDS SEARCHED ~~~ ~ 

Muiuiium iiotiJmcRiaUon *cajvh»j (eia«»itic«ti(jn system foiJowed by ciisaijication iymbstls) 

U.S. ■ 424.' J ..17,1.65,1 69; 600/7,8; 514/449; 549/SlO 

DocutnoiUtion swrehcd othw ih^ minimum <feK-umentatk.t» the e,*Wftt that such doc>.metU4 arc i..duae<i in ihe field* se&rched 



El«cu>^nic !>«c coasuitwi during the inJeniational sMtv-.i, {name of data base and, where piuct.cabk, seareh terms used) 
APS, MEDUfJE, CAPLUS, BJOSJS, VVPiDS 

search terms: wxol, paclitaxef, polymer, chelate, radtonuciide. impiar;! 



IXXrUMENTS CONSIDERED TO BK RELEVANT 



Ciistion of doeumm, with i*«jic»tion, wh«ie «ppmpri*tc, of tfic reicvjmt p 



US 5,626,862 A {8REM ET At.} 08 May 1997, see entire 
document. 

US 5,489,525 A {PASTAN) 06 February 1996, see column 
7, itnes 11+, 

US 5,169,933 A iANDERSON ET AL} 08 December 1992, 
see coturrins 4-5. 

US 5,362,831 A (MONGELLI ET AL.} 08 November 1994 
see columns 1-2. 



8c!cv»nt (o ckim No, 



1-52 
1-52 
1-52 
1-52 



Further docut«u»it» iist«d in the 



□ 





Daw of li-tc scEutl compietion of eJic intttnation*! search 
J 3 MAY 1997 


D»lc of mailing a{ the iiiicnifttiofisi search tsport 

1 1 Ml mi 


N«n>e and maitag address of ttie ISA/US 
CommisiHoner »f Ptttatt uat Tr»<fciii»ria 

Box KTC 

WuhinjPCB, D.C. 2(a3i 
Facsimile No, (703) 30.^-3230 
Form PCT/ISA/250 (»ewnd sheciVJuiv 3992^* 


telephone No. /7Q3-) 3QS-i 235 J 



